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0.63 mAs) were acquired at 1 Hz. For stereoscopic 
localization, the intersection of the ray lines connecting the 
detected image locations with the corresponding sources was 
found, whereas monoscopic localization first computed a 
prostate position probability density function (PDF) based on 
previously published motion covariances, and then finds the 
maximum likelihood position along the ray line passing 
through this PDF. Stereo- and monoscopic localization results 
were compared to the ground truth provided by the linac log 
file. 
 
Results: Both stereo- and monoscopic localization produced 
sub-mm accuracy (Figure 1). Monoscopic localization was 
nearly as accurate as stereoscopic localization, despite only 
directly resolving two dimensions. The left-right dimension 
tracked slightly less well with monoscopic localization as this 
dimension is less correlated with the other two axes, and 
thus harder to predict using the monoscopic algorithm. 
 
 
 
Conclusion: The ability to use room-mounted x-ray systems 
to achieve sub-mm accuracy with either monoscopic or 
stereoscopic localization creates new opportunities for 
intrafraction tracking. Stereoscopic tracking can be used 
when both x-ray tubes are unobstructed, to produce the most 
accurate localization, and bridged by monoscopic tracking 
during obstructions. The knowledge of prostate position 
during treatment can potentially be used to gate treatment, 
or be fed back into dynamic MLC updates in order to produce 
more conformal dose delivery. 
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Purpose or Objective: There is little consensus on the 
magnitude of PTV margins for IGRT of the prostate cancer 
when a hypofractionation scheme is applied and daily 
correction is required, rather than averaging over many 
fractions. The aim of this work was to assess PTV margins 
suitable for SBRT of prostate cancer uncertainties after daily 
online correction. Moreover, intra-fraction prostate motion is 
analyzed with the aim to identify its main causes (bladder 
filling, rectum distension, elapsed treatment time). 
 
Material and Methods: Between 2013 and 2014, 43 patients 
with low or intermediate risk prostate cancer were treated 
with 7-fraction SBRT in supine position, with implanted 
fiducial markers (FM), empty rectum and full bladder. To 
reduce organ motion, patients were premedicated with 
butylscopolamine and rectum gas was removed before the 
treatment. At each session pre-treatment kV/kV imaging was 
acquired to align the patient by matching the FM’s, while 
additional CBCT imaging was performed after treatment 
delivery to assess the intra-fraction motion. The van Herk’s 
formula was applied to calculate the PTV margins of 
prostate/seminal vescicles. To investigate the causes of 
organ motion, the bladder volume and the rectum wall 
distension were estimated from each CBCT with respect to 
the simulation CT images. Correlation between these 
anatomical factors and intrafraction PTV motion was assessed 
for each axis, as well as for the composite shift of the 
prostate volume. The treatment time elapsed from pre-
treatment kV/kV to post-treatment CBCT imaging was also 
included in the statistical analysis . 
 
Results: 301 pre-treatment kV/kV images and 301 post-
treatment CBCTs were analyzed. After daily IGRT correction, 
margins accounting for residual uncertainties are estimated 3 
mm for AP, 3 mm for Longitudinal axis and 2 mm for Lateral 
intra-fraction motion. A systematic increase of bladder filling 
with respect to simulation images was observed; however, 
these changes did not influence the prostate displacement (p 
= 0.55) . Similarly, variations of the prostate position 
occurred independently from changes of the rectal distension 
(p = 0.32). A trend between internal prostate motion in the 
AP direction and elapsed treatment was observed (p = 0,057). 
Finally, a significant correlation was observed between the 
intrafraction composite shift of the prostate volume and the 
elapsed treatment time (p = 0,036). 
 
Conclusion: Our data suggest a good control of intrafraction 
motion with butylscopolamine medication and by careful 
emptying of the rectum before treatment. The prostate 
intrafraction motion is shown to be dependent on elapsed 
treatment time. In conclusion, in image-guided SBRT with 
online correction, PTV margins can be kept in the range of 3 
mm provided that the elapsed treatment time is kept as low 
as possible.  
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Purpose or Objective: Respiratory tumor motion enlarges 
the intra-fractional tumor position uncertainty. These 
uncertainties result in increased treatment volumes (PTV) 
and hence higher radiation dose to organs at risk (OAR). Also 
interplay effects between the moving target and dynamic 
treatment delivery have to be considered. Motion-
management techniques (MMT) aim to reduce or deal with 
this intra-fractional respiratory tumor motion in the following 
ways: The internal target volume (ITV) concept with a PTV 
enclosing the whole tumor motion, the mid-ventilation (MidV) 
principle with probabilistic tumor margins, respiratory gating 
of the irradiation beam and treatment couch tracking with 
real-time compensation of the internal tumor motion. 
Dosimetric performances of these four techniques were 
investigated with film measurements in a sophisticated lung 
phantom. 
 
Material and Methods: The anthropomorphic, deformable 
and dynamic lung phantom LuCa (CSEM and PSI) was operated 
with 5 different respiration patterns with 10 to 20 mm 
internal tumor motion amplitude. 4DCT scans were taken and 
individual SBRT treatment plans were prepared, adapting the 
PTV according to the four MMT (ITV, MidV, gating, tracking) 
and five respiration patterns. A dose of 8x6 Gy was 
prescribed to the 65%-isodose line enclosing the PTV using 
VMAT stereotactic treatment planning. The phantom was 
irradiated with all individual treatment plans using the 
corresponding respiration pattern and MMT, together with 
static measurements. The internal tumor motion was 
